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57 ABSTRACT 
A method of forming precision metal alloy shaped parts 
starting with small particles of the individual metals 
and/or individual compounds containing the metals of 
the targeted metal alloy and a binder. A mix is initially 
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formed of metals and/or compounds of the metals re 
quired to form a targeted alloy wherein the metal per 
cent of each metal and/or compound is provided 
whereby the targeted alloy will be provided. The sizes 
of the particles of the metals and/or alloys are as small 
as possible and preferably in the range from one tenth of 
a micron to ten microns. These particles are mixed with 
an appropriate binder to form a homogeneous mass. 
The mixture is utilized in the formation of parts wherein 
green bodies are formed by classical techniques and 
further processing of the green body takes place 
whereby the green body is stripped of binder and the 
stripped body is raised to a temperature below the sin 
tering temperature of the metals and sufficiently high to 
cause net reduction of any metal compound and prevent 
net oxidation of any metal in the processing atmosphere. 
The temperature is also maintained whereby operation 
takes place on the reducing side of the equilibrium 
curve of the furnace atmosphere for the metals being 
alloyed and sintered, frequently controlled by dew 
point of the atmosphere versus temperature for the 
conditions present. The green body is maintained in this 
atmosphere for a sufficient period of time whereby 
substantially all of the metal and/or metal compounds 
are in the pure metallic state. The temperature is then 
raised to the sintering temperature and the system is 
maintained at the sintering temperature for the metals 
involved while maintaining the system in the reducing 
region of said equilibrium curve or a suitable neutral 
atmosphere until sintering is completed. The sintered 
part displays homogeneous alloy properties and forms 
the targeted alloy. 

18 Claims, 1 Drawing Figure 
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METHOD OF FORMING SHAPED METALALLOY 
PARTS FROM METAL, OR COMPOUND 
PARTICLES OF THE METAL ALLOY 
COMPONENTS AND COMPOSITIONS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates to a method of forming metal 

alloy parts from the alloy metal components and/or 
compounds containing the metal alloy components and 
the molding composition therefor. 

2. Description of the Prior Art 
Parts have been formed from alloys of metals in the 

prior art in several ways. One way is to obtain a block 
of the alloy metal and then machine the part to the 
desired shape and dimension. The procedure is obvi 
ously costly in that the cost of the final part is dependent 
upon the number of machine steps required as well as 
the degree of precision required in the ultimate part. 
Therefore, as the degree of part complexity increases, 
the cost of the final part will also increase. In addition, 
all alloy material which does not result as a portion of 
the final part becomes scrap and is wasted. A further 
system of the prior art has been to utilize particles of the 
alloy material and then provide the final part by con 
ventional press and sinter powder metallurgy tech 
niques. These procedures have provided unsatisfactory 
results due to their inferior properties. It has also been 
found that attempts to form parts either from powders 
of alloys or from powders of the metals themselves 
which make up the targeted alloy in the appropriate 
proportions have provided inferior properties due to 
the oxide formation on the surfaces of the particles 
which tend to inhibit the sintering operation. It is there 
fore desirable that a method be provided whereby pre 
cision parts can be formed from metal alloys which 
have all the benefits of the prior art machined parts as 
well as additional benefits of improved part structure 
integrity and reduction in cost of the final part. 

SUMMARY OF THE INVENTION 
The above is accomplished in accordance with the 

present method of forming precision metal alloy shaped 
parts starting with small particles of the individual met 
als and/or individual compounds containing the metals 
of the targeted metal alloy and a binder. A mix is ini 
tially formed of metals and/or compounds of the metals 
required to form a targeted alloy wherein the metal 
percent of each metal and/or compound is provided 
whereby the targeted alloy will be provided. The sizes 
of the particles of the metals and/or alloys are as small 
as possible and preferably in the range from one tenth of 
a micron to ten microns. These particles are mixed with 
an appropriate binder to form a homogeneous mass. 
The mixture is utilized in the formation of parts 

wherein green bodies are formed by classical techniques 
and further processing of the green body takes place 
whereby the green body is stripped of binder and the 
stripped body is raised to a temperature below the sin 
tering temperature of the metals and sufficiently high to 
cause net reduction of any metal compounds and pre 
vent net oxidation of any metal in the processing atmo 
sphere. The temperature is also maintained whereby 
operation takes place on the reducing side of the equilib 
rium curve of the furnace atmosphere for the metals 
being alloyed and sintered, frequently controlled by 
dew point of the atmosphere versus temperature for the 
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2 
condition present. The green body is maintained in this 
atmosphere for a sufficient period of time whereby 
substantially all of the metal and/or metal compounds 
are in the pure metallic state. The temperature is then 
raised to the sintering temperature and the system is 
maintained at the sintering temperature for the metals 
involved while maintaining the system in the reducing 
region of said equilibrium curve until sintering is com 
pleted. The sintered part displays homogeneous alloy 
properties and forms the targeted alloy. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing is a graph plotting the dew point of 
hydrogen in F. at one atmosphere against furnace tem 
perature for Cr2O3, Fe3O4, WO2 and MoC)2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In order to provide precision parts formed of metal 
alloys, it is initially necessary to provide an appropriate 
molding composition. In accordance with the present 
invention, the molding composition is formed by utiliz 
ing small particles of either the metals required to form 
the desired alloy and/or compounds containing the 
metal to be used which are appropriately reduceable or 
changeable under system conditions to the basic metals. 
In the event a compound is used, the amount of the 
compound utilized will be based upon thp weight per 
cent of the metal in the compound required in the tar 
geted alloy so that the ultimate alloy has the proper 
amount of metal therein. The particle sizes can be from 
about 10 microns down, the smaller the particles the 
better. A range of one tenth micron to 10 microns is 
preferred. However, in the case of pure metals, since 
certain metals, such as chromium, can be highly explo 
sive in very small particle sizes, it is necessary that these 
pure metals be at the higher end of the range if used in 
the metallic state. On the other hand, where metal com 
pounds are used and particularly oxides, since the sur 
face energy of these compounds is very small relative to 
the pure metal, the compounds can be formed in very 
small sizes down to fractions of a micron and utilized in 
these sizes without any substantial danger as compared 
with the pure metal itself. In addition, the necessary 
alloys and metal constituents are not generally available 
and, if so, their cost is economically prohibitive. These 
small particles of the appropriate metals and/or com 
pounds are mixed together with an appropriate prior art 
binder, such as paraffin, carnauba wax, polyethylene, 
etc., and combinations thereof to provide a homogene 
OS aSS. 

The composition of binder and metal and/or metal 
compound is then molded to the desired shape to form 
a green body and the binder is removed therefrom in 
accordance with prior art techniques. The green body 
with binder removed is then placed in an oven, kiln or 
the like having an appropriate reducing or other atmo 
sphere, usually dry oxygen-free hydrogen, to convert 
all metal compounds to the pure metal and maintain all 
pure metals in the pure metal state. The temperature in 
the oven is held at this time below the sintering temper 
ature for the metal involved. The dew point within the 
furnace is constantly maintained in the reducing range 
of the equilibrium curve (or to the right of the Cr2O3 
curve in the FIGURE if Cr2O3 is involved) for all of the 
metals and/or compounds utilized in the formation of 
the alloy to be produced or oxides of the metals utilized 
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under the conditions within the system. For example, if 
a hydrogen atmosphere is being utilized and a stainless 
steel is to be formed utilizing Cr2O3, iron and nickel, 
and if operation is at one atmosphere, the dew point of 
the system is maintained so that all operation takes place 
to the right of the Cr2O3 curve as shown in the FIG 
URE, this being the reducing region. The oxides of iron 
and nickel have an equilibrium curve totally to the left 
of the Cr2O3 curve as shown. 
The temperature in the oven is then raised sufficiently 

high so that all metal compounds will be reduced or 
changed to pure metal or other appropriate chemical 
reaction will take place wherein metal compounds will 
be reduced or changed to the metal itself with the dew 
point being retained to the right hand side of the curve 
as shown in the FIGURE. When all of the metal com 
pounds have been reduced or changed to the pure 
metal, and due to the very small size of the particles 
being used, there will be a homogeneous mixture of 
small metal particles through the body from which the 
binder has now been removed. The indication that the 
reduction reaction has gone to completion is found by 
monitoring the inlet and outlet dew point to and from 
the furnace. Water will be evolved from the bodies 
being reduced or sintered as long as oxides are present. 
The exhaust dew point will fall to the inlet dew point in 
a gas tight system when all oxides have been reduced. 
The temperature will then be gradually raised to the 
sintering temperature of the alloy, the dew point of the 
system still being maintained in the reducing range as 
above mentioned and sintering will then take place at 
the sintering temperature for the required period of time 
whereby the metal particles will all diffuse into each 
other to form the desired alloy. The atmosphere can be 
changed during sintering to neutral or vacuum. The 
furnace will then be turned off and the final part will be 
cooled down to room temperature whereupon the com 
pleted part is removed from the furnace. 
The time required to reduce all compounds to the 

base metal depends upon the material involved, the 
atmosphere used, the temperature and the size and ge 
ometry of the part. In general, it has been found that 
firing of a part to the right of the equilibrium curve or 
in the reducing range for about one hour per 0.05 inches 
of part thickness will adequatly reduce all compounds 
to the pure metal. 

It has also been found that the procedure as described 
above provides superior results when the starting pow 
ders are themselves the targeted alloy. The reason ap 
pears to be that the alloy can also oxidize at the particle 
surface, thereby preventing full and proper sintering on 
an economical basis. The present method substantially 
prevents oxidation of all metal surfaces and reduces any 
oxidized surfaces to the pure metal alloy. 

EXAMPLE I 

200 grams of nickel having particle size in the range 
of 2 to 4 microns were mixed with 1420 grams of iron 
having a particle size range of 2 to 4 microns and 560 
grams of chromium oxide having an average particle 
size of one-half micron. These materials were mixed 
with 70.5 grams of paraffin and 70 grams of polyethyl 
ene and mixed at a temperature of 150° C. for two 
hours. A homogeneous mass of thp various materials 
were formed. A test bar was formed in an injection 
molding machine utilizing the homogeneous mass. The 
bar was removed from the molding machine and the 
binder was removed by placing the green body re 

O 

5 

20 

25 

30 

35 

45 

50 

55 

60 

65 

4 
moved from the machine on a wicking agent composed 
of ash free paper in an oven heated slowly to a tempera 
ture of 200° C. and maintained at 200 C. for a period of 
three hours. When the binder had been removed from 
the green body, the body was placed in a furnace into 
which was fed and circulated hydrogen at a dew point 
of -75 F. at one atmosphere and the temperature was 
raised slowly to 1450 F. at a rate of 6 F. per minute. 
The temperature was then gradually raised at 6' F. per 
minute to 1700' F. and held at that temperature for five 
hours. The temperature was then again raised gradually 
to 2300 F. as rapidly as possible while maintaining the 
dew point 10 F. from the dew point equilibrium curve 
and held at that temperature for one hour. The dew 
point within the system was plotted continually and the 
plot marks are shown in the FIGURE. The furnace was 
then turned off and allowed to cool to room tempera 
ture whereupon the test bar was removed and in 
spected. The bar was found to be homogeneous 
throughout, to be stainless steel and to be non-magnetic. 

EXAMPLE II 

2151 grams of 316L stainless steel powder having 
particle size in the range of ten microns and less was 
mixed with 70.5 grams of paraffin wax, 50 grams of 
polyethylene and 20 grams of pure refined light flake 
candelilla wax and one gram of stearic acid and mixed at 
a temperature of 150 C, for two hours. A homogeneous 
mass of the various materials were formed. A test bar 
was formed in an injection molding machine utilizing 
the homogeneous mass. The bar was removed from the 
molding machine and the binder was removed by plac 
ing the green body removed from the machine on a 
wicking agent composed of ash free paper in an oven 
heated slowly to a temperature of 200° C. and main 
tained at 200 C. for a period of three hours. When the 
binder has been removed from the green body, the body 
was placed in a furnace into which was fed and circu 
lated hydrogen at a dew point of -75 F. at one atmo 
sphere and the temperature was slowly raised to 1450 
F. at a rate of 6 F. per minute. The temperature was 
then gradually raised at 6 F. perminute to 1700 F. and 
held at that temperature for five hours. The temperature 
was then again raised gradually to 2300 F. as rapidly as 
possible while maintaining the dew point 10 F. below 
the dew point equilibrium curve and held at that tem 
perature for ten hours. The furnace was then turned off 
and allowed to cool to room temperature whereupon 
the test bar was removed and inspected. The bar was 
found to be homogeneous throughout, to be stainless 
steel and to be non-magnetic. The bar had a density of 
97% of wrought stainless steel 316L. 

It is again emphasized that parts can be produced in 
the manner noted above from any alloy as long as the 
metal components of the alloy are available in particu 
late form as the base metal itself or are available in 
particulate form in a compound that is convertible to 
the base metal at temperatures below the sintering tem 
perature of the metal particles during formation of the 
alloy. 
Though the invention has been described with re 

spect to preferred embodiments thereof, many varia 
tions and modifications will immediately become appar 
ent to those skilled in the art. It is therefore the intention 
that the appended claims be interpreted as broadly as 
possible in view of the prior art to include all such 
variations and modifications. 

I claim: 
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1. A method of forming shaped metal alloy parts 
directly from either the individual metals or compounds 
containing the metal of the targeted alloy or both com 
prising the steps of: 

(a) mixing together small particles taken from the 
class consisting of metals and metal compounds in 
an amount corresponding to the weight percent 
ages of the individual metals present in the targeted 
alloy and an appropriate binder to form a homoge 
neous mixture of binder and particles, 

(b) forming said mixture into a predetermined shape, 
(c) removing said binder from said formed shape, 
(d) placing said formed shape from (c) in a hydrogen 
atmosphere and at a temperature to maintain the 
dew point of said atmosphere on the reducing side 
of the dew point equilibrium curve for all of the 
metals forming the targeted alloy to convert all 
compounds to the metallic state, and 

(e) sintering said formed shape from (d) in a reducing 
atmosphere and at a temperature to maintain the 
dew point of said atmosphere on the reducing side 
of the dew point equilibrium curve for all of the 
metals forming the targeted alloy in the sintering 
atmosphere. 

2. The method of claim 1 wherein the particles are 
oxides of the metals forming the targeted alloy. 

3. The method of claim 1 wherein the particles are 
less than about ten microns in diameter. 

4. The method of claim 2 wherein the particles are 
less than about ten microns in diameter. 

5. The method of claim 3 wherein said particles com 
prise chromium oxide, iron oxide and nickel oxide. 

6. The method of claim 3 wherein said particles com 
prise chromium oxide, iron and nickel. 

7. The method of claim 3 wherein said particles com 
prise chromium oxide, iron oxide and nickel. 

8. The method of claim 3 wherein said particles com 
prise chromium oxide, iron and nickel oxide. 

9. A method of forming shaped metal alloy parts 
directly from either the individual metals or compounds 
containing the metals of the targeted alloy or both com 
prising the steps of: 

(a) mixing together small particles taken from the 
class consisting of metals and metal compounds in 
an amount corresponding to the weight percent 
ages of the individual metals present in the targeted 
alloy and an appropriate binder to form a homoge 
neous mixture of binder and particles, 

(b) forming said mixture into a predetermined shape, 
(c) removing said binder from said formed shape, 
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6 
(d) placing said formed shape from (c) in a hydrogen 
atmosphere to convert said compounds and the 
oxides of all metals in the targeted alloy to the pure 
metal while maintaining the dew point of said at 
mosphere on the reducing side of the dew point 
equilibrium curve for all of the metals forming the 
targeted alloy to convert all compounds to the 
metallic state, and 

(e) sintering said formed shape from (d) in an atmo 
sphere that will convert said compounds and the 
oxides of all metals in the targeted alloy to the pure 
metal while maintaining the dew point of said at 
mosphere on the reducing side of the dew point 
equilibrium curve for all of the metals forming the 
targeted alloy in the sintering atmosphere. 

10. The method of claim 9 wherein the particles are 
oxides of the metals forming the targeted alloy. 

11. The method of claim 10 wherein the particles are 
less than about ten microns in diameter. 

12. The method of claim 10 wherein the particles are 
less than about ten microns in diameter. 

13. The method of claim 11 wherein said particles 
comprise chromium oxide, iron oxide and nickel oxide. 

14. The method of claim 11 wherein said particles 
comprise chromium oxide, iron and nickel. 

15. The method of claim 11 wherein said particles 
comprise chromium oxide, iron oxide and nickel. 

16. The method of claim 11 wherein said particles 
comprise chromium oxide, iron and nickel oxide. 

17. A method of forming shaped metal alloy parts 
directly from particles of the alloy comprising the steps 
of: 

(a) mixing together small metal particles of said alloy 
and an appropriate binder to form a homogeneous 
mixture of binder and particles, 

(b) forming said mixture into a predetermined shape, 
(c) removing said binder from said formed shape, 
(d) placing said formed shape from (c) in a hydrogen 
atmosphere and at a temperature to maintain the 
dew point of said atmosphere on the reducing side 
of the dew point equilibrium curve for all of the 
metals of the alloy to convert all compounds to the 
metallic state, and 

(e) sintering said formed shape from (d) in a reducing 
atmosphere and temperature while maintaining the 
dew point of said atmosphere on the reducing side 
of the dew point equilibrium curve for all of the 
metals of the alloy in the sintering atmosphere. 

18. The method of claim 17 wherein the particles are 
less than about ten microns in diameter. 

k k : : : 


